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Abstract

Diffusion experiments of 2H2O at 900–750 °C and water vapor pressure of 50 bar found diffusion 
of water in SiO2 glass more than one order of magnitude faster than that reported previously. The fast 
diffusion profile of water was observed as an extended tail of the normal water diffusion profile by a 
line scan analysis with SIMS, and it can be fitted with a diffusion model with a constant diffusivity. 
The obtained fast diffusion coefficient suggests that the diffusion species responsible for the fast diffu-
sion is not molecular hydrogen but molecular water. The diffusivity and activation energy for the fast 
water diffusion can be explained by the correlation between diffusivities of noble gases in silica glass 
and their sizes. Because noble gases diffuse through free volume in the glass structure, we conclude 
that molecular water can also diffuse through the free volume. The abundance of free volume in the 
silica glass structure estimated previously is higher than that of 2H observed in the fast diffusion in this 
study, suggesting that the free volume was not fully occupied by 2H2O under the present experimental 
condition. This implies that the contribution of the fast water diffusion to the total water transport in 
volcanic glass becomes larger under higher water vapor pressure conditions.
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Introduction

Water inside the Earth changes physical and chemical prop-
erties of rocks, minerals, and magma. Water circulates into the 
mantle through subduction zones and back to the surface through 
arc volcanism. The arc volcanism is affected by water in magma 
because water changes the physical and chemical properties of 
magma. For instance, water influences eruption styles through 
changing magma ascent rates via its influence on bubble nucle-
ation, bubble growth, and degassing (e.g., Sparks 1978; Rutherford 
2008). Bubble growth in magma is controlled by viscous relaxation 
and water diffusion, the relative influence of which depends on 
magma properties such as temperature, pressure, and chemical 
compositions.

Water diffusion in magma is, therefore, one of the important basic 
parameters to control water degassing from magmas. Water diffusion 
in various silicate glasses, as an analog of silicate melts, has been 
intensively studied (e.g., Zhang et al. 2007 and references therein). 
Although the dependences of water diffusion on temperature, water 
concentration, and pressure have been obtained and formulated, 
water diffusion in silicate glasses is not yet fully understood as an 
atomistic-scale process. Kuroda et al. (2018) performed water dif-
fusion experiments in silica glass and proposed a water diffusion 
model, where water molecules diffuse through pathways formed 
by hydroxyls. They also showed that the model is applicable to the 
water diffusion in various silicate glasses to explain the concentra-
tion dependence of water diffusion in rhyolite and basalt glasses.

Here we report a new diffusion pathway of water molecules in 

silica glass through which water can be transported at a rate of one 
order of magnitude faster than that previously reported values in 
similar conditions as Kuroda et al. (2018). We discuss the mecha-
nism of water molecule diffusion through the fast pathway and 
its potential contribution to the water transport in silicate glasses.

Experimental and analytical methods
Diffusion experiments were performed using the same protocol as in Kuroda et 

al. (2018). An optical silica glass plate (5 × 3 × 2 mm; Sigma Koki Co.) was flame-
sealed in a silica glass tube (3.5 and 4.7 mm in inner and outer diameters, and 80 mm 
in length) with deuterated water (2H2O) (7.10–8.17 μL) under atmospheric pressure. 
The sealed glass tubes were heated in a box furnace at temperatures of 900, 850, 
800, and 750 °C for different durations (Table 1). The 2H2O vapor pressure inside the 
glass tube was controlled to be 50 bar by complete evaporation of deuterated water.

Polished cross sections of the run products were prepared for measurements of 
concentration profiles of 1H, 2H, and 30Si along the diffusion direction from the glass 
surface with a secondary ion mass spectrometer (SIMS; Cameca ims-6f) at Hokkaido 
University. A 15–20 nA Cs+ primary beam was focused to form a 20–25 μm spot on 
the sample, and negatively charged secondary ions of 1H, 2H, and 30Si were counted 
by an electron multiplier for 2, 10, and 1 s, respectively, with a 5 μm step. A normal 
electron flood gun was used for charge compensation. A field aperture was used to 
permit transmission of ions from the central area of 10 μm in diameter of the sput-
tered region to minimize the hydrogen signals from absorbed water on the sample 
surface. A few profiles (mostly three) were obtained for each sample to assess the 
analytical reproducibility. A starting material glass sample was also measured as a 
reference with the same analytical condition. The position of the glass surface was 
determined as being the point from which 30Si counts became constant.

Results

Diffusion profiles of 2H in samples heated at 900 °C for 1, 3, 
and 20 h are compared in Figure 1. The 2H intensity decreases 
rapidly from rim to core of the sample with diffusion distances 
of about 50, 100, and 250 μm for the samples heated for 1, 3, and 
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